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Olive oil is a fat obtained from olive, the fruit of Oleaeuropaea. It is widely used in cooking, cosmetics, pharmaceuticals, and soaps. It has also been used in many biological studies as a solvent for other chemicals, including drugs. Olive oil has a high level of monounsaturated fatty acids and contains multiple minor components with biological properties. 1 It not only has a chemoprotective effect against cancer (especially of the colorectum and breast), but also signifi cantly reduces mortality from heart disease, hypertension, carcinogenesis, diabetes, atherosclerosis, and other diseases. 2, 3 Reports are also available regarding the neuroprotective role of olive oil in different conditions. It has been shown that olive oil has neuroprotective effects against cerebral ischemia, spinal cord injury, Huntington's disease, Alzheimer's disease, multiple sclerosis, Parkinson's disease, aging, and peripheral neuropathy. Zamani et al. (2013) showed that olive oil could protect hippocampus neurons after ischemia-reperfusion in mice. 4 Moreover, previous studies indicated the reduced risk of neurological diseases, including Alzheimer's disease, associated with olive oil. 5, 6 The signifi cance of the study regarding the selection of olive oil is justifi ed by its wide use as a nutrient as well as its use in the food and pharmaceutical industry.
Although a large number of studies have been conducted on the effects of olive oil on different parts of the nervous system, the cerebellum has received less attention. Cerebellum regulates motor activity by receiving various information from all parts of the nervous system. The cerebellum coordinates voluntary motor activities, including posture, balance, and speech movement, resulting in smooth muscular contraction. It also plays role in learning motor behaviors. 7 Based on the above reports regarding neuroprotective effects of olive oil, we hypothesized that olive oil may have benefi cial infl uences on the cerebellum in structure and function. Although the benefi cial effects of olive oil have been described, functional and structural aspects of the cerebellum have not been evaluated after olive oil consumption. Therefore, the fi rst part of the present study was evaluation of the motor coordination changes using motor skill performance (rotarod) test, and the second part was to assess the quantitative parts of the cerebellar structures using unbiased stereological methods. Accordingly, the present study aims to answer the following questions:
Do the rats' motor coordination change after exposure to olive oil? Does the volume of the cerebellum, cortex, medulla, and deep cerebellar nuclei change after treatment with olive oil? Can the number of Purkinje, Bergman, Golgi, granules, neurons, and glial cells of the cortex and the deep cerebellar nuclei change after exposure to olive oil?
Rotarod test was used for evaluating motor coordination. Besides, unbiased stereological methods were used to estimate the volume and number of cells. 8 
MATERIALS AND METHODS

ANIMALS AND TREATMENTS
A total of 16 Sprague-Dawely healthy adult male rats (170-230 g), aged 6-8 weeks, were sampled from the laboratory animal centre of Shiraz University of Medical Sciences, Shiraz, Iran. All investigations were done according to the guidelines of the Ethics Committee of Shiraz University of Medical Sciences, Shiraz, Iran (Approval No 91-6416). All sections of this report follow the ARRIVE Guidelines for reporting animal research. 9 All efforts were made to reduce animal suffering and adverse events throughout the study. The animals were placed in plastic cages (4 animals per cage) at standard conditions (12 hours day-night cycle with room temperature of 21±2°C) and had free access to food and water. The health status of the rats was examined throughout the experiments. The rats were healthy during the study. The rats were divided into 2 groups (8 animals per group). The sample size was selected according to the valuable text of stereology indicating at least selection of 5 animals is suffi cient. 10 This was approved by experienced stereologists. They reported that selection of 5 animals is suitable according to the statistical estimation of coeffi cient of error in the stereological methods. Animals were allocated to the experimental groups using simple randomization method and all experiments were fi rst performed for the distilled water group and then for the olive oil group. All the animals underwent the motor performance tests but only 6 animals per group underwent the stereological study. The fi rst group received distilled water, while the second group received 1 mL/kg/day of olive oil orally. Based on the previous reports the treatments continued for 4 weeks. 11 The dose of olive oil was selected according to previously reported data by interpolation of the dose used in the studies on the healthy humans (40 or 60 mL/day). [12] [13] [14] Olive oil was acquired from Sigma (St. Louis, MO, USA). At the end of the treatments, rotarod performance tests were performed. Then, the cerebellum was removed and the right cerebellar hemisphere was dissected out for histological study using stereological methods.
MOTOR SKILL PERFORMANCE (ROTAROD) TEST Briefl y, the animals were pre-trained on the rotarod apparatus at a stable speed (15 rpm) for 60 s on two consecutive days. The rats were tested fi rst on the fi xed speed rotarod protocol and, two days later, on the accelerating rotarod protocol. According to the fi xed speed protocol, the animals were tested at 7 different speeds; i.e., 12, 16, 19, 21, 24, 26, 28 , and 38 rpm, for at most 60 s at each speed (3 times at each speed with an interval of 20 min between each trial). The latency of each rat to fall from the rotarod was recorded. According to the accelerating protocol, the animals were placed on the rod at the speed of 5 to 45 rpm during a 300-second period. The latency to fall was also recorded. 15 ESTIMATION OF THE TOTAL VOLUME In this study, 26-μm thick coronal sections were prepared from right hemispheres for cresyl violet staining. A total of ten to twelve sections were sampled using systematic uniform random sampling to estimate the total volume of the cerebellar hemisphere and cortex. Also, ten to twelve sections were sampled containing deep cerebellar nuclei. The lateral, interposed, and medial nuclei were considered collectively. Using a projecting microscope, the volume was estimated at the fi nal magnifi cation of ×25 by Cavalieri's principle. 8, 16 The distances between the sampled sections (d) were calculated. In addition, the area was evaluated using pointcounting method. The area per point (a/p) was 0.84 mm² and averagely 200 points (∑P) were counted per animal. Finally, the volume was evaluated by using equation ( 
ESTIMATION OF THE TOTAL CELL NUMBER
A computer attached to a light microscope (Nikon E200, Nikon, Japan), oil immersion lens (×60, NA: 1.4), and camera were used in order to estimate the total number of the cells. The cells were counted using the optical disector method. Microscopic fi elds were sampled by moving the microscope stage in an equivalent interval using a stage micrometer. 8, 16 Movement of the microscope stage on the Z-axis (depth of the section) was measured using the microcator (MT12, Heidenhain, Germany) connected on the stage. In summary, an unbiased counting frame (a/f=846 μm 2 ) with acceptance (right and upper) and forbidden (left and lower) borders was superimposed on the images of the tissue sections viewed on the monitor. To fi nd the suitable guard zones and the height of the disector (h), Z-axis distribution of the nuclei was plotted. 18 The counted cells were counted and grouped in 10 bins from the percentiles 0-100 through the histological tissue section from the upper (0%) to the lower surface (100%) (Fig. 1) . The upper and lower 30% of the histogram was considered as the guard zones and the counting box was placed at the remaining 40% (h). According to the histogram, under-sampling was balanced out and corrected. During scanning the section, any cell nucleus which came into focus within the sampling box (h×a/f) was selected if it was located completely or partly in the counting frame and did not contact the forbidden line (Fig.  1) . The total number of the cells was estimated by multiplying the numerical density (Nv) by the total volume of the cortex of deep cerebellar nuclei, using equation (2): where ΣQ -was the total number of the counted nuclei during scanning 'h', ΣP was the total number of unbiased counting frames in all fi elds, 'h' was the height of the disector, a/f was the frame area, 't' was the factual section thickness measured in every sampled fi eld using the microcator (23 μm on the average), and BA was the block advance of the microtome which was set at 26 μm. 8, 16 ESTIMATION OF THE COEFFICIENT OF ERROR (CE) The CE for the estimate of the volume was computed using point counting method. CE (V) was calculated using equation (3) .
where 'b' and 'a' are the mean section boundary length and the mean sectional area, respectively. 19 
STATISTICAL
RESULTS
ROTAROD PERFORMANCE
The olive oil-treated rats performed better in fi xed speed rotarod protocol and their riding time (seconds) or endurance was 58-48 seconds at the lowest to the highest speed in comparison to the distilled water group (16-50 s) (p<0.05). The olive oil-treated rats also performed better in accelerating rotarod protocol and their riding time (seconds) was 36% higher compared to the distilled water group (p<0.05) (Fig. 2) .
STEREOLOGY
The average CE of the total volume estimation in the distilled water and olive oil-treated groups was 0.03 and 0.02, respectively. The results showed no signifi cant difference between the two groups regarding the total volume of the cerebellar hemisphere, its cortex and medullary white matter ( Table 1 ) (Fig. 3) . Also, no signifi cant difference was observed between the two groups concerning the total volume of the deep cerebellar nuclei of the hemisphere (Fig. 3) . The total number of Purkinje, Bergman, and Golgi of the granular layer was respectively 36%, 26%, and 29% higher in the olive oil-treated rats in comparison to the distilled water group (p<0.03) ( Table 2, Figs 4, 5) . Also, the total number of the neurons of the deep cerebellar nuclei was 32% higher in the rats treated with olive oil compared to the control group (P<0.03) (Table 3, Figs 4, 5) .
Briefl y, quantitative evaluation of the cerebellar histology showed more population of cells in the cortex and deep cerebellar nuclei of the cerebellum of the olive oil-treated rats.
DISCUSSION
The present study aimed to evaluate the cerebellum of the rats fed with olive oil. The fi rst part of the present study was evaluation of the motor activity after olive oil treatment. Our data showed for the fi rst time that olive oil consumption improved the motor skill performance of the rats in the rotarod test. Thus, Table 1 . Mean ± standard deviation of the total volume of the cerebellar hemisphere (mm 3 ), cortex (mm3), medullary white matter (mm 3 ) and deep cerebellar nuclei of the hemisphere (mm 3 ) of the distilled water, and olive oil groups Table 2 . Mean ± standard deviation of the total number of Purkinje, Bergman, Golgi and Granule cells of the granular layer of the cerebellar cortex in the distilled water, and olive oil groups the study fi ndings emphasized the benefi ts of olive oil as a nutrient. Up to now, several studies have indicated that olive oil has neuroprotective effects on different brain regions. It has been shown that diets enriched in polyphenols and polyunsaturated fatty acids could reduce behavioral decline caused by aging. 20 This might explain our fi ndings which showed a better motor activity on the rotarod test in the olive oil-treated rats. These studies are in agreement with the present one which showed the benefi cial effects of olive oil on the cerebellum. The second part of the present study was evaluation of the cerebellar structure in the olive oil treated rats. Our present results have shown that olive oil treatment can result in benefi cial effects on the cerebellar structure in the rats. The present survey was the fi rst that showed such benefi ts subsequent to olive oil consumption. Zamani et al. (2013) also reported that olive oil intake signifi cantly reduced cell death and decreased memory loss. 4 Moreover, there has been evidence that diets enriched in polyphenols and polyunsaturated fatty acids like olive oil play roles in the amelioration of cognitive impairment during aging. 20 González-Correa et al. (2007) and Pase et al. (2015) studied how olive oil affected hypoxic brain damage in rats. Briefl y, they explained that olive oil reduced oxidative stress, retreating platelet aggregation and protecting the brain from the effects of hypoxia-reoxygenation. 21, 22 The results of the current study showed that the total number of main cerebellar cells was higher in the rats fed with olive oil in comparison to the control ones. This might be related to the anti-aging effects of olive oil. Free radicals contribute to alteration of the neuronal functions in brain aging by generated lipid and other molecule-dependent alterations. Mitochondria-related oxidative injury is a major event in aging and age-related neurodegenerative disorders. 23 Some other studies have indicated that olive oil diet was associated with a reduced risk of neurodegenerative disease and acted as a main brain antioxidant. 24 Some dietary treatments, such as olive oil, reduce lipid peroxidation and extend life span in rodents. It has been noted that the monounsaturated fatty acids diet, such as olive oil, prevented the age-related increase in the levels of mitochondrial DNA deletions in the brain mitochondria from aged animals. 25 Jacomelli et al. (2010) and Liu et al. (2014) also showed that olive oil had the potential to prevent the pro-aging effects of a high-calorie diet. 26, 27 The major phenolics in olive oil not only increase the defense in scavenging reactive oxygen species, but they also suppress xanthine oxidase activity. Xanthene oxidase is a factor which is known to infl uence carcinogenesis. 28 Hydroxytyrosol is the main olive polyphenol with the highest antioxidant power. The antioxidant effects of olive polyphenols on low-density lipoprotein oxidation have been observed after a dietary intake of about 10 mg per day. 29 Finally, the present study tries to direct public attention to low cholesterol intake in the food to maintain a healthy life style. 30 In the limitations of this study, the study was performed only for 4 weeks. No dose oscillation was performed. Only one behavioral test was performed. The underlying mechanisms of effectiveness of olive oil on the rats' cerebellum were not examined. A limited number of histochemical techniques were conducted. The biggest limitation was that basic animal science model was applied to the human.
Finally, it should be mentioned that a small number of animal studies have predicted human outcomes successfully. Therefore, studies on the human and clinical examinations are also needed to examine the effi cacy of olive oil on the cerebellum.
CONCLUSION
The present study showed that treatment of the rats with olive oil for 4 weeks had benefi ts on motor performance. The riding time in fi xed and accelerating speed rotarod increased, indicating an advance in motor function. Besides, the results revealed that olive oil could protect the main cells of the cerebellum.
